was the last year in which students at Imperial College had to take these two examinations independently. For the next two years he was one of the small post-graduate group in the Geology Department at Imperial College comprising Howel and David Williams, C. J. Stubblefield and the writer, and began his researches on the Valentian rocks of Shropshire under the super vision of W. W. Watts. This introduction to the Lower Palaeozoic of that county was to develop into his main geological interest until some thirty years later when he commenced work on marine geology. During the years 1924-1926, however, he also joined the writer in some research on fossil amphibia under D. M. S. Watson, for which we used to spend a morning each week at University College. It would be difficult to overestimate the influence of these two great teachers, W. W. Watts and D. M. S. Watson, then at the height of their powers, and W hittard paid tribute to them in acknowledging the receipt of the Murchison Medal at the Geological Society of London last year.
In 1926, having gained his London Ph.D., he went to Sidney Sussex College, Cambridge, as a research student with a Senior D.S.I.R. award for two years. Here he entered with characteristic zest into the new life, joining several clubs and societies and rowing for his college with enthusiasm and no little success. He stroked the winning 'Crock Eight' in his first Michaelmas Term, and rowed in the Sidney First Boat in the Lents and the Mays. He was also in the college eight that entered for the Thames Cup at Henley in 1928 and, incidentally, beat Bristol University in the first heat. At the Sedg wick Museum, these two years brought him under the influence of G. L. Elies and W. B. R. King, and, in the Attic where he worked or through the medium of the Sedgwick Club, provided the stimulating companionship of a large number of young geologists destined for distinguished geological careers-among them two leading oil geologists, a Director of Overseas Geological Surveys, a Cambridge Reader and five Professors of geology.
It was also through his Cambridge contacts with R. E. Priestley, then Secretary General of the Faculties and a hospitable friend to all Cambridge research students, that W hittard was invited in the following year to join the Cambridge Expedition to East Greenland as Chief Geologist under J. M. Wordie. This experience inspired him with a lifelong interest in the Arctic and although he never returned himself, he was instrumental in recruiting members of his staff and research students to successive expeditions under Lauge Koch and others, and regularly attended the annual dinners of the Arctic Club.
He returned to London in 1928, was awarded his Cambridge Ph.D. and elected to an 1851 Senior Studentship in 1929; two years later he was appointed Assistant Lecturer in Geology at Imperial College, where P. G. H. Boswell had just succeeded Watts as Professor. He was promoted to a full Lectureship in 1935, with responsibility for the whole of the teaching in palaeontology following the retirement of Professor A. Morley Davies; but in 1937, at the early age of 35, he was appointed to succeed Trueman in the Chaning Wills Chair of Geology at Bristol. Here he passed the remainder of his professional life and his long services to Bristol University were termin ated by his untimely death at the age of sixty-three. He had been on a visit to Canada in the autumn of 1965, attending a symposium organized by the Upper Mantle Committee of the International Union of Geological Sciences at Ottawa, where he contributed a paper with J. B. Hersey (of Woods Hole Oceanographic Institution). Only a few days after his return to Bristol he was found to be suffering from a virus infection of the lung which proved painfully intractable and confined him to his home for the next five months; his sudden death from heart failure occurred early on 2 March 1966.
Geological work
W hittard was an exceedingly active and versatile geologist, whose publications cover a wide range of interests. Moreover, he rarely relinquished his activities in any one field with the acquisition of fresh interests, so that his work does not divide readily into chronological periods. The following survey is attempted under the general headings of Lower Palaeozoic strati graphy, palaeontology, marine geology, and miscellaneous.
Lower Palaeozoic stratigraphy W hittard's first and main publications in this field were his two papers on the Valentian rocks of Shropshire. The first comprises an account of the continuous twenty-mile strip outcropping from the south-east flank of the Wrekin to a point near Wistanstow, north of Craven Arms. He adapted Salter and Aveline's tripartite classification of the Lower Silurian (Valentian) and his map brings out strikingly the overstep and overlap along its basal unconformity. He postulated the existence of a north-easterly current along the coast of the pre-Silurian landmass and from his investigation of the conglomerates bearing Pre-Cambrian (Uriconian) pebbles he was able to deduce the date of uncovering of the Uriconian rocks of the Wrekin. It was, however, in the second of these papers dealing with the Longmynd, Shelve (and Breidden) outcrops that he produced his most spectacular restorations of the relations between the Silurian sediments and the highly irregular preUpper Valentian landmass, mapping 'fossil' sea-stacks, pebble beaches and bars, and the remnants of a deeply cut channel in the old land surface. Indeed he claimed that not only are remnants of the ancient pre-Silurian landscape still to be seen beneath the older Palaeozoics of South Shropshire, but that in many places the modern topography corresponds closely to this ancient land surface. He had made a fascinating palaeogeographic story out of what promised perhaps little beyond routine mapping.
With the completion of stratigraphical work on the Silurian, Whittard began to turn to other aspects of Shropshire geology, mainly of course the Ordovician rocks of the Shelve area. This constituted the major part of an ambitious programme covering much of south and south-west Shropshire, completing or bringing up to date the manuscript maps of Lapworth and Watts, and it was almost ready for the press at the time of his death. Unfor tunately no comprehensive account actually reached the stage of publication and his notes and maps have now been passed to his former student Dr W. T. Dean at the British Museum (Natural History). A general description of the geology of South Shropshire, however, and some invaluable excursion guides and reports are to be found in the Proceedings of the Geologists' Association.
His friendship with E. S. Cobbold, the distinguished amateur so long resident at All Stretton, led to the preparation of a joint paper in 1935 on the (Pre-Cambrian) Helmeth Grits, in which they added supporting evidence for the ascending sequence Uriconian, Helmeth Grits, Stretton Series, with the implication that the Western Longmyndian is younger than the Eastern (Stretton Series). Years later, one of his research students (J. H. James) endeavoured to elucidate further the relations between both Western and Eastern Uriconian and the Longmyndian and their relative ages.
Despite the considerable volume of his palaeontological work, W hittard was above all a field geologist. His earliest researches and the friendship of Watts, Gobbold and La Touche had imbued him with an abiding love of Shropshire, and following Professor Watts's retirement, he was given W atts's manuscript maps and assumed an almost proprietorial interest in the county. It was to the solution of various problems concerning the Pre-Cambrian and Lower Palaeozoic rocks in that county that he assigned many of his best research students and it was to Shropshire that he took most of his field classes. His enjoyment of teaching probably found its fullest expression in such fieldwork and his infectious enthusiasm was nowhere seen to greater effect.
Finally, tribute may be paid at this point to his compilative work in connexion with the Lexique Stratigraphique ; with Scott Simpson, he was joint editor for Fascicule 3 (Great Britain), of which nine volumes have now appeared, and he himself contributed largely to the volumes on the Ordovician and the Silurian.
534
Biographical Memoirs
P a l a e o n t o l o g y, vertebrate
The circumstances of W hittard's work on fossil vertebrates have already been alluded to. In his joint paper on Branchiosaurs (1926) , W hittard was responsible for the revision of species belonging to the genus Branchiosaurus itself, presenting the first adequate reconstruction of the skull, making due allowance for flattening and crushing, and describing for the first time the external as well as the internal gills of this newt-like little creature; his admirable restoration of the entire animal has become a familiar figure in textbooks such as Romer's Vertebrate paleontology. A few years later, he produced an equally convincing restoration of another species, and a reconstruction of the palate and mandible of Archegosaurus. Apart from a compilation on vertebrates from the Weald, published in connexion with the Weald Research Committee in 1927, he did not again publish in this field, though at one period he contemplated work on Lystrosaurus and on a Triassic rhynchocephalian.
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Invertebrate Here W hittard's interest was essentially that of the stratigraphical palaeontologist. He was not a morphological palaeozoologist, but was an admirable descriptive palaeontologist and systematist with a shrewd eye for significant detail in the various groups with which he was concerned. He was himself an excellent collector and after the war secured an assistant who was mainly employed for collecting, so that he was able to amass extremely rich collections from the older Palaeozoic rocks of Shropshire. As this material was systematically described, he habitually presented the types and figured specimens to the Geological Survey and frequently gave duplicate material to other institutions. He was interested also in techniques and developed a method of casting from natural or artificial moulds with phenol formalde hyde resin to obtain permanent unshrinkable replicas even where the cavities were of complicated shape or extensively undercut. It was this interest in technique which led to his early paper on the structure of a species of Glyptograptus, applying W iman's methods for the preparation of microtome sections following solution of the specimens from their matrix.
For illustration, he relied mainly on photography; E. W. Seavill whom he found on the staff'at Bristol, developed under Whittard into an exceptionally skilled photographer and the geology department has since the war main tained a notably high standard of illustration in all its publications.
His fossil lists for the Silurian rocks added extensively to the known fauna, and systematic studies on some of the Valentian trilobites were published in 1934 and 1938 , extending also to a revision of Silurian illaenid trilobites from the Oslo region. Short papers on the Ordovician trilobite fauna of Shropshire had appeared in 1940; but his major work on trilobites is undoubtedly the monograph on the Ordovician trilobites of the Shelve Inlier, issued by the Palaeontographical Society in eight parts between 1955 and 1966 . This comprises over three hundred pages, with fifty magnificent plates, and is fortunately complete but for the last few pages of stratigraphical conclusions and the index. Nearly seventy genera are described (sixteen new) and one hundred and twenty species (sixty-two of them new), based upon some six thousand specimens. This monograph constitutes a noteworthy achievement by any standard, but one that is quite remarkable when it is remembered that the period of its preparation coincides almost exactly with his involvement in marine geology.
He mostly intended that the remaining invertebrate groups represented in his collections should be submitted to various specialists for description or entrusted to research students under his supervision; in the latter category may be noted Pitcher's description of the Valentian gastropod fauna and his joint publication on the brachiopod fauna with G. H. Barker.
His flair for collecting and his keen eye for the unusual were alike illus trated when he secured three specimens of a tiny Palaeozoic worm during the course of an excursion visit to the well-known Tremadoc Shale locality in Shineton Brook, Shropshire. This remarkable organism, to which he gave the name P a l a eo sco l ex, is so well preserved as to retain the minute detail of the skin surface and traces of gut and jaws; but it reveals no distinctively polychaete or oligochaete characters and provisionally at least is assigned an isolated position in the Annelida. During the discussion of his paper, it was suggested that the abundant and widely distributed Tremadocian Tomaculum might well represent the excreta of Palaeoscolex and if so, the annelid must have been a prominent member of the British Tremadoc fauna.
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Marine geology During his later years as Woodwardian Professor, W. B. R. King had taken a prominent part in the geological aspects of the work of the Depart ment of Geodesy and Geophysics at Cambridge and collaborated closely with Maurice Hill in the investigation of the English Channel. On his retirement in 1955, King arranged that his part in this work should be taken over by W hittard at Bristol, and from then on W hittard became increasingly involved in marine geology. Dennis Curry, who had assisted King in palaeontological determinations of Cretaceous and Tertiary rocks, took a prominent part in the group which was gradually built up at Bristol as W hittard developed his various connexions and established his own sphere of activity in the Western Approaches of the Channel. Mr Curry has kindly supplied the following account of W hittard's activities in Channel geologyactivities which he only commenced when he was already in his middle fifties.
'The programme of operations has included two cruises a year-a week in June and a fortnight or so in September-mostly in the research vessel of the Marine Biological Association, R.V. Sarsia. Personnel has consisted of three or four scientists, one or two auxiliaries (technicians, personal friends etc.). In the earlier cruises W hittard was present on each occasion, but in the two years before he died he and I alternated, each taking two cruises in succession: September, followed by June. A major factor in the carrying out of work at sea is of course the state of the weather. S a r s i a, although veiy seaworthy, is a very lively pitches and rolls heavily even in a moderate sea, and so seasickness is an occupational hazard to all who sail in her. W hittard was an indifferent sailor, but he didn't allow this fact to interfere with his work and on a number of occasions I have worked alongside him when he was obviously ill and should have been resting in his bunk. Weather permitting, cruises under him were very enjoyable; everybody was expected to be on Christian name terms, with the exception of himself, whom his staff (comprising most of his seagoing colleagues) addressed naturally as " Prof" . He was a good organizer and supervised carefully the keeping of records relating to the work; he kept his staff working cheerfully and hard when it was necessary, and knew how to get the best out of the ship's officers, whose degree of collaboration has so much to do with the total of achievement.
'He took personal responsibility for the organization on land of the cruises. This involved the detailed planning of the programme of operations, the development and manufacture of new research tools, the supervision of the assembly and transport of the ton or so of equipment to and from Plymouth and, by no means least, the securing of the necessary funds. I had nothing to do directly with any of these activities, but can testify that the hundreds of items needed on each cruise were always present when wanted and that we have never been seriously hampered by faulty pre-cruise planning. So far as money is concerned, although only a nominal amount was paid for the use of Sarsia, other expenses, especially for equipment, were high, and unavoidably so. These expenses were met out of grants from the University, the Royal Society and certain Oil Companies. His success in obtaining substantial funds from these sources is a tribute to his prestige and persuasiveness and has been a most important factor in the successful mounting of this geological sea-work.' These geological investigations were directed towards two main objec tives. The first-to produce a geological map of the Western Channelinvolved a considerable westward extension of King's original pioneer map, with of course inevitable correction and filling-in of gaps, and this was in outline at least approaching completion. The second-an endeavour to establish the nature and origin of the continental slope along the edge of the Western Approaches-was more ambitious and had achieved less positive results at the time of his death.
Four instalments of a series of papers on the geology of the Western Approaches had been published, two in the Philosophical Transactions and two in the Colston Symposium volume. A successful programme of coring and sampling by heavy dredge, supported by detailed analysis of the Foraminifera and nannoplankton, had established the broad outlines portrayed on the 1962 and 1965 maps. Particularly successful was the mapping of the Upper Cretaceous stages and various divisions of the Tertiary, including the demonstration of a Miocene age for the Globigerina Silts, and the suggestion that the Miocene sea in the Western Channel was a gulf unconnected with the North Sea area. Mapping indications of unconformities received striking confirmation from the results of an acoustic survey (with boomer and sparker traverses) made over a selected area south of Looe. For this, W hittard had enlisted American aid in R.V. Chain (a research vessel from Woods Hole) using equipment that was unavailable to British workers, and his convincing demonstration of the possibilities of this supplementary geophysical technique was one of his more spectacular successes.
His last publication contains an account of specimens obtained from Haig Eras, a shoal lying well to the west of the Scilly Isles, which were identified by Dr Sabine as foliated tourmaline-granite, permeation-gneiss and injectiongneiss dated by K/A methods at 2 75 ± 1 0 My and accordingly assigned to the Variscan suite. The paper which he contributed to the Ottawa Symposium with J. B. Hersey on 'The continental margin under the Celtic Sea' is still in the press. W hat may be seen in retrospect as a fitting culmination to this aspect of his scientific career was the highly successful Symposium on submarine geology and geophysics which he organized at Bristol in the spring of 1965, when R.R.S. Discovery berthed at the City Docks and the Canadian research vessel Hudson at Avonmouth. Over seventy British and overseas scientists attended the gathering, and the papers contributed were published under the auspices of the Colston Research Society in a 464-page volume. It was a final tribute to the reputation of the Bristol group that two John M urray Travelling Studentships were awarded by the Royal Society to members of his department during the current year.
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Biographical Memoirs Miscellaneous The geological results of the 1929 East Greenland Expedition were written up by W hittard in two joint papers, one (1930) describing the unfossiliferous sedimentary Petermann Series discovered to the west of the metamorphic complex at the head of Franz Josef Fjord, the other (1931) a somewhat more detailed account of the area visited, in its regional setting. In this, W hittard and his co-author Parkinson disputed Backlund's contention that the metamorphic complexes of East Greenland were Caledonian in age and reasserted the concept of a Pre-Cambrian complex with thrusting and largescale imbrication of Caledonian age. The stratigraphical and tectonic views of both parties have been much modified in the light of more intensive exploration by post-war Danish expeditions.
Investigations into local geology mainly arose out of the demands of local industry. During the war, he was appointed geological adviser for the S.W. Region and was consulted on questions of water-supply, the use of underground quarries and the siting of some wartime factories. Investigation, together with Stanley Smith, of an area near Wickwar, Glos. at the request of the West Gloucestershire Water Company led to the identification of three inliers of Silurian (Wenlock and Downtonian) rocks which had previously been recorded as Lower Carboniferous. After the war he was responsible for the geological work connected with the new Severn road bridge; as an alternative to the proposed tunnel scheme, plans were being drawn up for a suspension bridge with a central span of more than 3000 feet, necessitating a carefully planned programme of drilling to provide information about the foundation rocks. Borehole records were published locally and the geological results, including information from small islands and rocks in the estuary between Aust and Beachley, appeared later in the Geological Magazine. More recently, he advised the contractors for the nuclear power station at Berkeley, Glos.
In addition to his impressive research activity, W hittard devoted much time and energy to the administration of his Department and the affairs of his University. At the time of his appointment to the Chaning Wills Chair, he succeeded to a small department in what was then quite a small university. Geologically, its reputation rested very largely upon its achievements in the fields of stratigraphy and palaeontology, which were indeed W hittard's own main interests at the time. But with the demands and opportunities that post-war expansion brought to every university, he set about securing the finances and the staff to develop the fields of mineralogy, petrology and geochemistry. A great deal of his time was devoted to planning the new department in Queen's Building and in the course of producing this wellbalanced and well-housed department he more than trebled the size of his staff. Throughout his long tenure of the Professorship, it was well known as a happy department, and staff and students alike will miss his friendship and his leadership. He was keenly interested in the welfare of his students and kept in close touch with most of them in their subsequent geological careers. It was a source of particular satisfaction to him that no fewer than six members of his staff (including three former students) have been appointed to professorships in geology in this country or overseas.
He served as Dean of the Faculty of Science during the immediate post war years (1945) (1946) (1947) (1948) , steering the Faculty through this difficult transitional period and gave special service again to his Faculty in 1961 and 1962 as Chairman of the Committee set up to develop a new degree structure. He had been closely connected with many projects involved in the great post war expansion of Bristol University and at the time of his death was a member of several important Standing Committees. Speaking at the memorial service last March, the Vice-Chancellor paid tribute to the fore sight and experience which W hittard brought to these tasks. Special mention should be made of his services to the Gardens Sub-Committee, of which he was Chairman, for gardening was one of his favourite hobbies, in which he displayed an almost professional competence. Not only did he know every corner of all the gardens intimately, but himself designed the gardens in the newer Halls of Residence and he found time to get to know personally his large staff of gardeners.
Being so deeply involved in the affairs of his own University, it is remark able that he was able to find much time for activities outside Bristol. However, he had served on the Geology Sectional Committee of this Society, and was a member of the National Committees for Geodesy and Geophysics and for Geology, and one of the Government Grant Boards; he had been a member of the Geological Survey Board (1949) (1950) (1951) (1952) (1953) He possessed an outstanding energy and vitality which enabled him to work long hours and his powers of concentration enabled him to pass rapidly and completely from one subject to the next, or wholly to relax in one or other of his hobbies. Cobbold's delightful garden at All Stretton, where he was a frequent visitor, made a deep impression on him as a student and was possibly the source of his devotion to gardening, and he later acquired considerable skill in book-binding. These are the two hobbies he recorded in Who's Who, but music was also a relaxation and he had quite recently taken up water-colour painting.
In 1930, he married Caroline Margaret Sheppard, to whom he owed so much of his life's happinesss, and is survived by his wife and only son Lawrence. To his wife and to several former colleagues, particularly Professor F. Coles Phillips and Mr Dennis Curry, I am indebted for much help in the preparation of the memoir.
